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Recent measurements of the D0 experiment related to the search for 
new phenomena beyond the Standard Model are reviewed. The new mea- 
surement of the like-sign dimuon charge asymmetry reveals a 3.2a devia- 
tion from the SM prediction, while the updated study of the B s — >■ J/ip4> 
decay demonstrates a better agreement with the SM. All experimental 
results on the CP violation in mixing are currently consistent with each 
other. The D0 collaboration has much more statistics to analyze, and all 
these results can be significantly improved in the future. 
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The time evolution of the neutral B q — B q meson system (q = d, s) is described 
by the complex mass matrix: 
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In addition to the mass M q and width T q of -B g meson, the following observables can 
be defined for this system: 
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M H -M L ^2\M q 12 \ 
T L -Y H ^2\Tf\ 
arg(-M a 12 /rf) 
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A violation of the CP symmetry is caused by a non-zero value of the phase <p q . 
The Standard Model predicts very small values of <pd and <f) s which are significantly 
below current experimental sensitivity PQ. The new physics can significantly change 
them [2]. Therefore, a deviation from zero in these phases would be an unambiguous 
indication of the contribution of new physics. 

The phase <p q can be extracted from the charge asymmetry of semileptonic B q 
decays, from the like-sign dimuon charge asymmetry and from the decay B s — > J/i/j(f). 
The D0 experiment performs all these measurements and its results on the CP 
violating phase <f> are presented in this paper. 

The charge asymmetry for "wrong-charge" semileptonic 5°-meson decay in- 
duced by oscillations is defined as 
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T(B (t) -> p+X) - T(B°Jt) pTX) 



This quantity is independent of the decay time t, and can be expressed as 
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The value of afj 



of a s s ! 



measured at B-factories is = —0.0047 ± 0.0046 [3]. The value 
is measured uniquely by the D0 experiment [3]. The semileptonic decays 
B s — > nuD s with D s 07r or D s — > K*K are selected. Using the integrated 
luminosity of 4 fb~l the D0 experiment reconstructed about 81. 4K D s — > (jnt and 
33. 6K D s if* if decays. The obtained result is consistent with the SM prediction: 



-0.0017 ±0.0091 (stat)^;™^ (syst) 



(5) 
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The like-sign dimuon charge asymmetry for semileptonic decays of b hadrons 
produced in proton-antiproton (pp) collisions is defined as 

A b = ~ N »~ (6) 

where N b ++ and N b are the numbers of events containing two b hadrons that decay 
semileptonically, producing two positive or two negative muons, respectively, with 
only the direct semileptonic decays b — > fiX considered in the definition of A" fc ++ and 
N b . The asymmetry A^ can be expressed [5] as 

j^b _ fdZdaj\ + fsZ s a s s \ ^ 
fdZd + f s Z s 

where 

Zq = l^f"l+^' (8) 

y q = 2j^, x ^ = ~^f- ( 9 ) 

with q = d,s. The quantities fd and f s are the production fractions for b — > B® 
and b — >■ B° s respectively. Using the current experimental values [6] of the quantities 
entering in (|7|) we obtain 

A b sl = (0.506 ± 0.043)^! + (0.494 ± 0.043)a s S !. (10) 

The D0 collaboration reports a new measurement of using an integrated lu- 
minosity of 6.1 fb -1 [7|. In this analysis the events with two muons of the same charge 
and with one muon are selected, and the inclusive like-sign dimuon and single muon 
charge asymmetries are measured. In addition to the direct b — > fiX decay many 
other background processes contribute in these samples. Only the direct semileptonic 
decay b — > [iX can produce the CP violating charge asymmetry; the charge asym- 
metry of all other processes is detector-related. All background contributions in this 
analysis are determined experimentally with the reduced input from simulation. The 
sample of events with single muon is used to constrain and control the background. 
With this approach the systematic uncertainties are considerably reduced. 

A unique feature of the D0 experiment is a regular reversal of magnet polari- 
ties. Due to this reversal the charge asymmetry due to the muon reconstruction is 
suppressed and the related systematic uncertainty is considerably reduced. The re- 
maining dominant source of background asymmetry comes from the difference in the 
interaction cross section of positive and negative kaons with the detector material. 
This asymmetry is measured experimentally. 
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The charge asymmetry of the inclusive muon sample is mainly determined by 
the background processes, and the possible contribution of the signal is suppressed. 
Therefore, the inclusive muon charge asymmetry is used to verify the measurement 
of the background asymmetries. Figure [T] shows the comparison of the inclusive 
muon charge asymmetry and the asymmetry expected from the background processes 
as function of muon transverse momentum Pt{^)- A good agreement between the 
observed and expected asymmetries confirms the validity of the measurement method. 
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Figure 1: (a) The background asymmetry (points with error bars) is compared to 
the measured asymmetry a of the inclusive muon sample (shown as histogram, since 
the statistical uncertainties are negligible). The asymmetry from CP violation is 
negligible compared to the background in the inclusive muon sample; (b) the difference 
between the observed and expected asymmetries. The horizontal dashed line shows 
the mean value of this difference. 



After subtracting the background asymmetries from the inclusive dimuon charge 
asymmetry, the resulting like-sign dimuon charge asymmetry is found to be 

A b sl = -0.957 ± 0.251 (stat) ± 0.146 (syst). (11) 

This result differs from the SM prediction by ~ 3.2a. The asymmetry A sl can be 
expressed as a linear combination of the semileptonic charge asymmetries afj and aj, 
see (TTUj) . Therefore, the obtained result is presented in Fig. [2] as a diagonal band in a 
two dimensional plane of versus afj. This result is in a good agreement with the 
direct measurements of the and asymmetries [21 3]. 
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Figure 2: Comparison of with the standard model prediction for afj and and afj. 
Also shown are the existing measurements of [3] and jl]. The error bands 
represent the ±1 standard deviation uncertainties on each individual measurement. 



The decays B s — > J/ip<f) offers a complementary possibility to probe the CP 
violation in mixing of B s meson. The CP violation in this decay is described by the 
phase <p J ^^. Within the Standard Model this phase is related with the angle (3 S of the 
(bs) unitarity triangle and should be very small pp. However, it can be significantly 
modified by the new physics contribution and its variation is the same as for the 
phase 4> s pp. 

The D0 collaboration presents an update of the analysis of CP violation in B s — > 
J/ip(j) decay using an integrated luminosity of 6.1 fb _1 |8J. We obtain 

t s = 1.47 ± 0.04 (stat) ±0.01 (syst) ps, 
AT S = 0.15 ± 0.06 (stat) ± 0.01 (syst) ps" 1 . (12) 

The result on the CP violating phase <p J ^^ is shown in Fig. [3j The 68% CL. con- 
straint on the phase <p s derived from the like-sign dimuon charge asymmetry is also 
shown in Fig. |3j It can be seen that both results are consistent, although the mea- 
surement of (f) s phase from B s — > J /ip4> is better consistent with the Standard Model. 

In conclusion, the D0 experiment is very active the searches for new physics 
beyond the Standard Model. The new measurement of the like-sign dimuon charge 
asymmetry performed by the D0 experiment reveals a 3.2a deviation from the SM 
prediction, while the updated study of the B s — >■ J / ip<f) decay demonstrates a better 
agreement with the SM. Nevertheless, all experimental results are currently consistent 
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Figure 3: 68% and 95% CL. contours in the plane Ar s — <p s . Also shown is the 68% 
contour from the DO dimuon charge asymmetry analysis [7] . The comparison is made 
under the assumption of a single source of the CP violation in the B s — B s mixing. 



with each other and further study with improved precision is required to reveal a 
possible contribution of new physics. The uncertainty of all measurements included 
in this report is statistically dominated, and all results can be improved in the future 
with the increase of collected statistics. 
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